Rhodococcus equi is a facultative, intracellular, grampositive coccobacillus that causes suppurative pneumonia and ulcerative enteritis in foals aged 1-3 months [1] [2] [3] . This organism is present in soil and sporadically causes pulmonary abscesses and lymphadenitis in other domesticated animals, such as pigs, cattle, and goats [1, 2, 4]. R. equi was an uncommon cause of infection in
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Rhodococcus equi is a facultative, intracellular, grampositive coccobacillus that causes suppurative pneumonia and ulcerative enteritis in foals aged 1-3 months [1] [2] [3] . This organism is present in soil and sporadically causes pulmonary abscesses and lymphadenitis in other domesticated animals, such as pigs, cattle, and goats [1, 2, 4] . R. equi was an uncommon cause of infection in humans before the onset of AIDS [1, 2] . More than 100 cases of R. equi infection have been reported since its initial isolation as a human pathogen [5] [6] [7] [8] [9] [10] . Most patients infected with R. equi are immunocompromised, and two-thirds have human immunodeficiency virus (HIV) infection [10] . The clinical manifestations of R. equi infection are diverse, although 80% of patients present with pulmonary involvement [2, 10] .
The discovery of virulence-associated antigens and virulence plasmids has allowed the classification of R. equi strains and molecular epidemiological studies of virulent R. equi strains [3, [11] [12] [13] . At least 3 virulence levels of R. equi have been identified: virulent, intermediate virulence, and avirulent [3, 12, [14] [15] [16] . Virulent R. equi is characterized by the presence of virulenceassociated 15-17-kDa antigens (VapA), a virulence plasmid of 85-90 kb, and it causes suppurative pneumonia in foals (murine LD 50 , 10 6 ) [14, 16, 17] . VapA-positive R. equi is widespread on horse-breeding farms but not on farms of other domesticated animals [18] . R. equi strains of intermediate virulence are identified by a vir-ulence-associated 20-kDa antigen (VapB) and a virulence plasmid of 79-100 kb and are found in the submaxillary lymph nodes of pigs (murine LD 50 , 10 7 ). They have not been found in horses or other domesticated animals [15, [19] [20] [21] [22] . Avirulent R. equi shows no evidence of virulence-associated antigens or plasmid DNA (murine LD 50 , 110 8 ) and is widespread in soil [3, 22] .
The pathogenicity of human isolates has been studied previously [15, [23] [24] [25] . Caterino-de-Araujo et al. [23] reported that 1 in 4 Brazilian isolates contained VapA and that the others contained VapB. Two of 9 Italian isolates contained VapA, 1 had VapB, and the other 6 were avirulent. Our previous study also demonstrated that most R. equi isolates from humans, with or without AIDS, are virulent (8 VapA-positive and 15 VapBpositive of 39 isolates) [15, 24] . The route of infection in humans remains unknown, although contact with farm animals and manure has been reported in approximately one-third of cases [2, [5] [6] [7] 10] .
Thailand has one of the highest rates of HIV/AIDS in the world [26] . It is estimated that 1 million Thai citizens have been infected with HIV. Pulmonary infection is a major cause of morbidity and mortality in HIV-infected patients. In Thailand, Mycobacterium tuberculosis, Pneumocystis carinii, and Penicillium marneffei are major etiological agents of such pulmonary infection [26] . Infection by R. equi has also been reported [15, 33] , and, in a preliminary surveillance study, we found that 4 of 6 human isolates from Chiang Mai were VapB positive [25] . In the present study, R. equi was isolated from 69 sporadic cases in patients with and without HIV infection in Chiang Mai between 1993 and 2001. The pathogenicity of those isolates was investigated.
MATERIALS AND METHODS
Bacterial strains. Strain ATCC 33701 (a virulent strain of equine origin) and 12 representative strains of intermediate virulence (of human and pig origin) were used as reference strains, because some of the protein profiles, plasmid characteristics, and virulence levels of these strains have been described elsewhere [15, 17, 19, 24] . We reviewed microbiology records at Chiang Mai University Hospital from June 1993 through May 2001. R. equi was isolated from 69 patients. The information sought included presenting signs and symptoms, subsequent course of infection, findings from chest X-ray, laboratory data (including the presence of anti-HIV antibody), treatment regimen, and outcome. Unfortunately, details of the clinical manifestations were not available in most cases, because the medical record system in the hospitals in Chiang Mai does not allow for this kind of retrospective study. The bacteria were harvested from various lesions and identified by the Department of Microbiology, Faculty of Medicine, Chiang Mai University. Plasmid profiles of 4 isolates (32, 62, 63, and 64) from the 69 patients in the preliminary study have been reported elsewhere [25] .
Isolation of R. equi from the patients' environment. Seventy-nine samples were collected from 5-17 sites from around the houses of 4 patients and their neighbors. These patients were from a rural area in Chiang Mai (patients 3 and 4), and the neighbors of patients 1 and 2 bred pigs and chickens in their back yards. As controls, soil and fecal samples from domestic animals were collected randomly from farms in 6 distinct areas (Hang Dong, Mae Rim, Muang, San Kamphaeng, San Patong, and San Sai) in Chiang Mai. Soil was scraped from the ground surface around houses (including pig pens) with a small spoon and poured into sterile tubes.
One gram of soil was diluted serially with a 10-fold volume of sterile saline. Each dilution was inoculated onto 2 plates of nalidixic acid-novobiocin-actidione (cycloheximide)-potassium tellurite (NANAT) medium, as described elsewhere [27] ; the plates were incubated at 30ЊC for 2 or 3 days. R. equi colonies were counted, and the number of viable organisms per gram of soil was calculated. Three to 10 colonies of R. equi per specimen were subcultured and examined for VapA and VapB by colonyblot ELISA with monoclonal antibodies [15, 28] . For colonyblot analysis, bacterial strains were injected onto brain-heartinfusion agar plates with an inoculation needle and incubated at 38ЊC for 24 h. A nitrocellulose filter (pore size 0.45 mm, BAS 85; Schleicher & Schuell) was then placed over the cultures for a few minutes until it was completely wet. The membrane was removed, air dried, and treated by autoclaving at 105ЊC for 1 min. All buffers, antibodies, and conjugate dilutions for the immunoblot were as described elsewhere [15, 29] .
Isolation of R. equi from the submaxillary lymph nodes of pigs. Submaxillary lymph nodes were removed from freshly slaughtered pigs at the slaughterhouses in Chiang Mai and placed in sterile dishes for transport to the laboratory. The lymph nodes were immersed in boiling water for 3 s prior to being minced finely with sterile scissors, and the pieces were placed onto a modified NANAT agar plate [21] and incubated for 2-3 days at 30ЊC. All suspected colonies were counted, and 1-10 colonies or R. equi per specimen were subcultured and examined for VapA and VapB by colony blot analysis.
Isolation of plasmid DNA. Plasmid DNA was isolated from R. equi by the alkaline lysis method [30] , with modifications as described elsewhere [17] . Plasmid DNAs were analyzed by digestion with restriction endonucleases EcoRI and EcoT22I [15, 21] . Samples of the plasmid preparations were separated in 0.7% or 1.0% agarose gels at ∼5 V/cm for 2 h.
Virulence-associated gene. The target DNAs for polymerase chain reaction (PCR) amplification were the published sequences of the VapA and VapB genes (GenBank database accession nos. D21236l and D44469) from R. equi strains ATCC 33701 and 5, respectively. Primer 1 (5 -GACTCTTCACAAGACGGT-3 ) corresponded to the sense strand at position 6-23, and primer 2 (5 -TAGGCGTTGTGCCAGCTA-3 ) corresponded to the antisense strand at position 569-552 in the sequence of the VapB gene [14, 31] . Primer 3 (5 -AACGTAGTCGCGGTGAGAA-3 ) corresponded to the sense strand at position 240-258, and primer 4 (5 -ACCGAGACTTGAGCGACTA-3 ) corresponded to the antisense strand at position 1066-1048 in the sequence of a cloned fragment containing the VapA gene [32] .
PCR amplification was done with 10 mL of the DNA preparation in a 50-mL reaction that contained 10 mmol/L Tris-HCl (pH 8.3 at 25ЊC), 50 mmol/L KCl, 1.5 mmol/L MgCl 2 , 0.2 mmol/L each dNTP, 1 mmol/L each primer, and 2.5 U of Taq DNA polymerase (Takara), as described elsewhere [14] . The samples were subjected to 30 cycles of amplification on a GeneAmp PCR system 2400 (Perkin-Elmer). The cycling conditions were as follows: denaturation for 90 s at 94ЊC, primer annealing for 1 min at 55ЊC, and an extension step for 2 min at 72ЊC [14] .
Southern hybridization. The VapB gene on fragments of plasmid DNAs was detected by Southern hybridization [15] . Digested plasmid DNAs were transferred from gels to a sheet of nylon membrane (Hybond N; Amersham Japan) by the vacuum-transfer method, using a VacuGene (Pharmacia-LKB Biotechnology) and without depurination, according to the manufacturer's instructions. Hybridization was done at 68ЊC for at least 6 h in 5ϫ standard saline citrate (SSC; 1ϫ SSC is 0.15 mol/L NaCl plus 0.015 mol/L sodium citrate [pH 7.0]) that contained 0.1% sodium N-lauryl sarcosine, 0.02% SDS, and 1% blocking reagent. After hybridization, the sheets were washed twice at room temperature for 5 min in 2ϫ SSC that contained 0.1% SDS and then washed twice more for 15 min at 68ЊC in 0.1ϫ SSC that contained 0.1% SDS. The immunological detection of hybridized digoxigenin-labeled probe was done with a commercial kit (Boehringer Mannheim-Yamanouchi). For Southern-blot analysis, a digoxigenin-11-dUTPlabeled probe was amplified using the primers and PCR conditions described above [14] . patients was unknown. The majority of the 50 HIV-infected patients were in the later stages of infection, as evidenced by the presence of opportunistic infection, including pneumocystic pneumonia, P. marneffei infection, salmonella septicemia, or oral candidiasis prior to or at the time of presentation. The primary site of infection was the lung, and R. equi was isolated from sputum (47 patients), blood (15 patients), pus from the chest (3 patients), bronchoalveolar lavage (4 patients), and pleural fluids (1 patient). The 69 isolates were then investigated for the presence of virulence-associated protein and plasmids.
RESULTS

Isolation of
Protein and plasmid profiles of the 69 clinical isolates. Of 69 clinical isolates from the patients, 52 (75%)
Plasmid DNA preparations of the 52 isolates were analyzed further by restriction-enzyme digestion with endonucleases EcoRI and EcoT22I. The restriction cleavage patterns of the plasmid DNA divided the 52 isolates into 8 different patterns. Four of these 8 patterns have been previously reported in isolates from pigs and from patients with AIDS (of the 52 isolates, 34 were plasmid type 1, 4 were plasmid type 4, 7 were plasmid type 7, and 1 was plasmid type 12). The remaining 4 had unique restriction cleavage patterns and did not match any of the 12 previously reported EcoRI and EcoT22I digestion patterns for R. equi. Lanes 1-12 in figure 1A and 1B show the 12 previously reported EcoRI and EcoT22I digestion patterns, and lanes 13-16 show the newly identified plasmid types found in the present study. Plasmid DNAs of the 12 representative and 4 new types digested with EcoT22I were examined by Southern-blot analysis with PCR probes. As shown in figure 1C , the PCR products labeled with digoxigenin-11-dUTP hybridized with 1 of the fragments of each plasmid DNA. From these results, we tentatively designated these new plasmid types as 13 (1 isolate), 14 (2 isolates), 15 (2 isolates), and 16 (1 isolate).
Isolation of virulent R. equi from soil samples and feces. The quantitative culture of R. equi was achieved for 78 soil samples from 4 patients' houses and their neighbors. Sixty-four (82%) of 78 soil samples were culture-positive for R. equi. The number of R. equi organisms from these soil samples ranged from to cfu/g of soil. Three to 10 colonies 2 5 5.0 ϫ 10 4.4 ϫ 10 per positive sample were subcultured, yielding 577 colonies for analysis. Colony blotting revealed VapB in 1 (0.2%) of 577 isolates, which was taken from the house of patient 4. The other isolates did not express any virulence-associated antigens. The VapB-positive isolate contained a virulence plasmid that was identified as type 12; however, the plasmid type of VapB- Isolation of virulent R. equi from the submaxillary lymph nodes of pigs. R. equi was isolated from 4 (0.8%) of 500 submaxillary lymph nodes from apparently healthy pigs in Chiang Mai. One to 10 colonies per positive specimens were subcultured, and all of the isolates ( ) were identified by n p 20 biochemical characteristics. Fifteen of 20 isolates showed VapB, and the remaining 5 isolates were avirulent R. equi without any virulence-associated antigens. The 15 VapB-positive isolates contained virulence plasmids that were identified as types 1 (8 isolates), 7 (1 isolate), 13 (5 isolates), and 15 (1 isolate), respectively.
DISCUSSION
More than 100 cases of R. equi infection have been reported since the first description of human disease caused by this organism [5-7, 9, 10, 33] . We examined 69 human cases in Chiang Mai over the course of 9 years (1993-2001) and found that most patients were infected with VapB-positive R. equi. Furthermore, the results of a bacteriological examination of soil and animal feces samples from the houses of patients and their neighbors showed that only 1 of 125 isolates was VapB positive. The prevalence of intermediately virulent R. equi in soil was extremely low, as we had expected. In the case of R. equi infection in foals, susceptible foals are exposed to virulent R. equi that contains VapA on horse-breeding farms. VapApositive R. equi is found in 20%-30% of isolates from the soil of farms with infected foals [3, 11, 12] . For humans, contact with horse-breeding farms or manure, and pigs and their environment, have been suggested as routes of human transmission by virulent and intermediately virulent strains [10, 15, 24] . In the rural areas of Chiang Mai, most houses are on farms with pig pens in the back yard. Therefore, we focused on pigs. An R. equi strain of intermediate virulence was isolated from the submaxillary lymph nodes of apparently healthy pigs, and the same virulence plasmid types were found in both human and pig isolates in Chiang Mai. This circumstantial evidence suggests that exposure to pigs may play an important role in most cases of R. equi infection in Chiang Mai.
Of interest, VapB-positive but not VapA-positive R. equi were found in human isolates in Chiang Mai. In previous studies, we demonstrated that most (21/29 [72%]) isolates from patients with AIDS in 5 countries (Australia, France, Italy, Denmark, and the United States) were of virulent and intermediately virulent strains: 7 isolates (from France, Spain, Italy, New Zealand, and the United States) expressed VapA, and 14 (from France, Australia, Italy, Switzerland, and the United States) expressed VapB [15, 24] . Caterino-de-Araujo et al. [23] also found both VapA-and VapB-positive R. equi in Italian and Brazilian isolates. Those authors tried to discover the routes of infection, but only 1 Italian patient reported contact with horses, and his R. equi isolate was avirulent [23] . In addition, although isolates from 3 of 4 Brazilian patients infected with R. equi showed VapB, the researchers were unable to detect R. equi infection in pigs slaughtered in Brazil. They could not confirm these routes of R. equi transmission for their patients and speculated that cattle and their environment might be the source of R. equi transmission in Brazil, because eating and social habits there include the consumption of beef and contact with large cattle-breeding farms [23] . However, a study on the distribution of R. equi lesions in cattle lymph nodes and the pathogenicity of isolates in Ireland found a prevalence of R. equi in the lymph nodes of 0.008% of cattle, and all isolates were VapA and VapB negative [34] . In Chiang Mai, people eat more pork and chicken than beef. This was evidenced by several reports of outbreak of trichinellosis in northern Thailand, the sources of which were traced to the consumption of undercooked pork, usually mixed with spices and chilies [35] . We do not know whether these eating habits and epidemiological data contribute to the differences in the routes of transmission and the diversity of R. equi strains isolated from Brazilian, Italian, and Thai patients, but it is interesting to note that, in Chiang Mai, patients were infected mostly with VapB-positive strains, and this may reveal a correlation between human infection and this route of transmission in the region.
There are at least 12 distinct plasmids of 79-100 kb in human and pig isolates that are associated with the expression of VapB, as shown by restriction-enzyme digestion patterns of virulence plasmids using EcoRI and EcoT22I [15, 19, 21, 25] . In the present study, 44 of 52 VapB-positive isolates contained virulence plasmids that have been isolated from humans or pigs: 34 isolates contained a 79-kb plasmid (designated as type 1), 4 isolates contained an 88-kb plasmid (designated as type 4), 7 isolates contained an 88.5-kb plasmid (designated as type 7), and 1 isolate contained a type 12 plasmid (78.6-kb). However, the remaining 6 isolates contained 4 different large plasmids, which were different from the 12 representative patterns. Four new plasmid types were found in human isolates in Chiang Mai. Of the 12 representative plasmid types, 9 have been found in Japanese pig isolates [15, 19, 21, 25] . Type 1 plasmid has been found in у50% of pig isolates in Japan [19, 21] , and 34 (65.4%) of 52 human isolates from Chiang Mai contained this plasmid. The prevalence of R. equi strains of intermediate virulence in the 500 submaxillary lymph nodes of pigs in Chiang Mai was investigated in the present study, and it was lower than the prevalence that we found in our previous study, which showed a 3.1% isolation rate in Japanese pigs (56/1832 lymph nodes) [21] . However, the same virulence plasmid types were found in both human and pig isolates, which provides insight into the source and route of infection in humans in Chiang Mai and other parts of Thailand. The sites of collection (slaughterhouse) and number of pig isolates was too small for comparison, so a further surveillance study will reveal the geographical differences or similarities in the distribution of virulence plasmids in pig isolates from Chiang Mai and Japan.
The plasmid type of the soil isolate was type 12, which was also found in 1 of 69 human isolates in the present study and in a pig isolate from a pig-breeding farm in Chiang Mai that was reported elsewhere [25] . The prevalence of virulent R. equi was too low (1/577 soil isolates) in the environment of the patients to establish the infection, compared with cases in foals. As a control, we collected soil and fecal samples from farms randomly selected in 6 regions of Chiang Mai, and no virulent R. equi was identified from 629 isolates. These data coincide with our previous surveillance study, which was conducted in different regions in Chiang Mai [25] . These results suggest that VapA-and VapB-positive R. equi might not be widespread in the soil environment of rural Chiang Mai. However, the number of cases with R. equi is unusual in Chiang Mai. This evidence is contradictory, so further surveillance studies to search the source of infection are needed to identify VapB-positive R. equi in the environment in Chiang Mai.
The manifestations of R. equi infection are diverse, although pulmonary infection is present in ∼80% of patients with HIV infection [10] . In the present study, specimens for R. equi isolation were from the respiratory tract and included sputum (47 cases), bronchoalveolar lavage (4 cases), and pus from the chest (1 case), and most of these patients had pulmonary infection with R. equi. The number of cases with R. equi infection during the first 5 years of the study was 47, but, during the 4 years after 1998, this decreased to 22 cases. Weinstock and Brown [10] mentioned that, by inducing immune reconstitution, highly active antiretroviral therapy has probably reduced the incidence of R. equi infection among HIV-infected patients in developed countries. None of 69 patients received any antiretroviral therapy in the hospitals in Chiang Mai. Unfortunately, the majority of the patients did not come back to our hospitals for follow-up, so we could not provide clinical information about the outcome of the patients and information about the relationship between outcome and level of virulence. At present, we do not know the reason for the decrease in cases, but surveillance studies on the R. equi infection in patients should be continued in Chiang Mai and other parts of Thailand.
